During FRUELA'95 cruise, seawater samples were collected at the Bransfield and Gerlache Straits for the analysis of dissolved organic carbon (DOC) profiles throughout the water column. An excess of DOC probably derived from phytogenic material was observed in the upper mixed layer (UML; average: +2213 µmol C l -1 ), compared to the constant concentration of refractory DOC below 400 m (444 µmol C l -1 ). The average excess DOC concentration was higher than the particulate organic carbon concentration, indicating the major contribution of DOC to carbon export in this area. However, large spatial variability of DOC in the upper mixed layer (52-102 µmol C l -1 ) was observed:
Introduction
A dissolved organic matter (DOM) excess in surface ocean waters compared to deep waters is a commonly observed worldwide trend (Thingstad et al. 1997 , and references therein). The contribution of this amount of DOM to the export of primary production is a subject of discussion nowadays (e.g. Legendre and Le Févre, 1995; Hansell and Carlson 1998a) . The excess surface DOM can be: 1) consumed by heterotrophic bacteria; 2) exported downwards by turbulent diffusion or during deep winter convection (Copin-Montégut and Avril, 1993; Carlson et al., 1994) ; or 3) transported out of the production area by horizontal circulation (Legendre and Le Févre, 1995; Hansell and Waterhouse, 1997) . This excess DOM has been hypothesized to be composed of semi-labile and labile material with recycling time of days to months.
However, deep DOC is composed mostly of refractory material with recycling time of
10
1-3 years (Copin-Montégut and Avril, 1993; Carlson and Ducklow, 1995) . In agreement with the most recently studies, refractory DOC is not constant for all deep waters around the world; deep DOC concentrations decrease about 14 µM-C from the northern North Atlantic Ocean to the northern North Pacific Ocean (Hansell and Carlson, 1998b ).
There exists a wide range of measured DOC concentrations in the Southern Ocean: from 6 to 1000 µmol C l -1 (Dafner, 1992; Dafner and Solin, 1995; Karl et al., 1996 , and references therein). More realistic values between 40 and 100 µmol C l -1
were measured in the Weddell Sea (Skoog and Wedborg, 1994; Wedborg et al., 1998) , from 38 to 60 µmol C l -1 along 6ºW between 47º and 60ºS (Kähler et al., 1997) , from 33
to 105 µmol C l -1 along 62ºE between 49º and 66ºS (Wiebinga and Baar, 1998) , from 40
to 72 µmol C l -1 in the Ross Sea (Carlson et al., 1998) and from 40 to 70 µmol C l -1
along 170º E and 170ºW between 50º and 67ºS (Doval and Hansell, 2000) . The wider 4 ranges in the earlier papers were related to analytical difficulties or special marine environments (Dawson et al., 1985) .
Antarctic waters range from oligotrophic regions to productive coastal embayments (Karl, 1991) . The Bransfield and Gerlache Straits, located in the coastal zone of the Antarctic Peninsula, are characterized by a complex circulation pattern, involving waters from the surrounding Weddell Sea, Bellingshausen Sea and Drake
Passage (Niiler et al., 1991) . This coastal zone shows a wide spatial and temporal range of phytoplankton production (Priddle et al., 1986; Holm-Hansen and Mitchell, 1991; Karl et al., 1991a) .
A mesoscale study in this area was carried out during the RACER program (November 1986 -March 1987 Karl, 1991; Huntley et al., 1991) with the main objective of studying the physical and biological processes causing the high productivity observed in coastal waters of the Antarctic Peninsula (Huntley et al., 1991) . Despite DOC was not measured, outputs from the RACER carbon model suggested production of a large amount of labile DOC (Karl et al., 1991a) . Aristegui and Montero (1995) and Aristegui et al. (1996) suggested large exudation of DOC in the same area to explain their measurements of community respiration and the discrepancy between primary production measured by the 14 C and O 2 methods.
6 DOC determination was performed by high temperature catalytic oxidation (HTCO) with a commercial Shimadzu TOC-5000. The combustion quartz tube was filled with a 0.5% Pt on Al 2 O 3 catalyst. Three to 5 replicate injections of 200 µl were performed per sample. The concentration of DOC was determined by subtracting the average peak area from the instrument blank area and dividing by the slope of the standard curve. The instrument blank is the system blank plus the filtration blank. The system blank was determined by subtracting the DOC in UV-Milli-Q to the total blank.
Measurements made with the high sensitivity catalyst (Pt on silica wool) produced values <2 µmol C l -1 for fresh UV-Milli-Q water. The filtration blank (determined by filtering UV-Milli-Q water through the filtration system) was <2 µmol C l -1 . Before sample analyses, the catalyst was washed by injecting UV-Milli-Q, for at least 12 h, until the system blank was low and stable. The system blank was <8 µmol C l -1 . The device was standardized with Potassium Hydrogen Phthalate (KHP). The coefficient of variation (C.V.) of the peak area for the 3-5 replicate analyses of each sample was ~1%.
The accuracy of our HTCO system has been tested within the international intercalibration exercise conducted by J. Sharp (Univ. of Delaware), with very satisfactory results (within 10%; J. Sharp, pers. com.).
Seawater samples for particulate organic matter (POM), chlorophyll a (chl a), nutrients and oxygen were also collected. Sampling depths for POM were the same as A volume of 1 l of sample was filtered through an oilless vacuum filtration system. Particulate organic carbon (POC) and nitrogen (PON) were collected on Whatman GF/F filters, which were dried on silica gel and frozen to -70ºC until analysis in the base laboratory. Measurements were carried out with a Perkin Elmer 2400 CHN analyzer. Combustion to CO 2 and NO x was performed at 900ºC and reduction of NO x to N 2 at 640ºC. Chlorophyll a was determined fluorometrically, with a Turner Designs 10000R fluorometer, after 90% acetone extraction (Yentsch and Menzel, 1963) .
Samples for nutrients analyses were collected on 100 ml polyethylene syringes and filtered by hand through Whatman Puradisc 25 disposable filters (polypropylene filter media: 0.45µm pore size) on polypropylene housing. The filtrate was drawn into 50 ml polyethylene containers and analyzed immediately using standard segmented flow analysis procedures (Castro et al., this volume).
Results and Discussion

Hydrographic conditions
According to García et al. (this volume) silicate is a very good discriminator of water masses in the FRUELA area. To study the spatial variability of DOC, Chl a and POC in relation to water masses, we have displayed the silicate distributions at two reference levels: the upper mixed layer (UML) and 200 m (Fig. 2b,c) . 
Vertical DOC profiles
The average DOC profile for the study area (meanSD) decreased from 6613 µmol C l -1 in the UML to 444 µmol C l -1 in deep waters (>400 m). Selected DOC profiles at stn 40, in the Gerlache Strait; stn 74, in the Gerlache-Bransfield confluence; stn 103, in the Bransfield Strait; and stn 121, at the Bransfield Front ( Fig. 3) , cover all the observed vertical variability.
The correlation of DOC with density was low (r 2 < 0.1) in the whole water column, indicating the low control of hidrography on the distribution of DOC.
Stations 74 and 121 showed a DOC maximum at the base of UML (i.e. in the bottom layer of UML) as well as most of the sampling stations (70%). Despite the similar Chl a levels, DOC concentrations were very different between these stations.
Concentration at the DOC maximum was higher in the Gerlache-Bransfield confluence (stn 74; 120 µmol C l -1 ) than in the Bransfield Front (stn 121; 75 µmol C l -1 ). The Chl a maximum at these stations (>4 mg m -3 ) was apparently shallower than the DOC maximum in agreement with the distributions of TOC found by Wedborg et al. (1998) at productive stations in the Weddell Sea. The fact that the DOC concentration at 200 m depth was mainly independent of water mass, indicate that the amount of DOC seems to be essentially refractory, although a minor fraction of semi-labile DOC (15% of the total) was also present at this depth.
Organic matter in the upper mixed layer. The excess DOC
The distributions of average Chl a and POC (Fig. 4a, b ) in the UML were quite similar.
Maximum values of Chla and POC were found in the Gerlache Strait (4-6 mg Chl a m The direct correlation (Model II) between DOC and POC or Chl a was only significant (r 2 =0.25) in the Gerlache Strait and Gerlache-Bransfield confluence. In these two areas a higher correlation was found between total organic carbon (TOC= DOC +POC) and POC (r 2 =0.45).
An excess of DOC was observed in surface waters as compared to bottom waters (background DOC: 444 µmol C l -1 ). The great variability of the average DOC in the UML lead to a large range of excess DOC (8-58 µmol C l -1 ) with a mean value of +2213 µmol C l -1 (average integrated DOC excess in the UML: 6.77.0 gC m -2 ) for the whole study area. So, 15 to 57% of the observed DOC in this layer was semilabile and labile DOC. The average excess DOC for the three contrasting regions: Gerlache Strait, Gerlache-Bransfield confluence and Bransfield Strait, varied between 17 and 36 µmol C l -1 (6 and 10 gC m -2 ; Table 1 ).
The great variability of the excess DOC is larger than recently found in other systems as: the Mediterranean Sea (0-40 µmol C l -1 ; Copin Montégut and Avril, 1993) or the Pacific Ocean (20-40 µmol C l -1 ; Peltzer and Hayward, 1996; Hansell and Waterhouse, 1997) The average POC in the UML was 13.65.1 µmol C l -1 . Therefore, the average excess DOC /(excess DOC + POC) was 0.59; i.e. 59% of the 'potentially' degradable organic matter is in the dissolved form and 41% as suspended particles (Table 1 ). The average percentage was close to the 40-50% reported for the NW Iberian upwelling system (Doval et al., 1997) , and far from a oligotrophic system as the Mediterranean Sea (89% after seasonal accumulation; Copin-Montégut and Avril, 1993).
Origin and fate of the DOC excess
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The main sources of the excess DOC in the study area could be: extracellular release by phytoplankton, sloppy-feeding by zooplankton and dissolution of fecal pellets, egestion by microzooplankton and cell lysis from viral infection (Carlson and Ducklow, 1995) .
Melting ice did not seem to affect the DOC levels in the study area: although stns 94 and 115 at the Bransfield Strait and stns 34 and 43 at the Gerlache Strait showed lower salinity values (<33.8), they did not show high DOC levels in contrast with the results found by Kahler et al., (1997) in other areas of the Southern Ocean.
In agreement with studies made during the RACER program, phytoplankton seems to be the dominant microplankton community during this cruise ( : 52, 76, 79, 81, 94, 97, 99, 101, 103, 115, 117, 119, 121, 123, 138, 140, 142, 144 Figure Captions B r a n s f i e l d S .
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